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Abstract 
Berlin’s edema is an initial condition to macular hole. This may progress to blindness as well, especially during acute 
traumatic maculopathy. In this paper an attempt has been made to locate Berlin’s edema in a patient with acute 
traumatic maculopathy. Initially the fundus image has been pre-processed to sharpen the image. The processed image 
is then been used to locate the central macula for the diagnosis using color-based segmentation approach. This 
method is to help the ophthalmologists to detect any anatomical changes to the macula in patients with commotion 
ratinae or Berlin’s edema directly from fundus camera images, rather than going for fluorescein angiography. The 
processing algorithms are developed on MATLAB 7.6.0 (R2008a) programming platform.  
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of C3IT 
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1. Introduction 
Analysis of retinal images has been usually performed on fundus images. Such images play an 
important role in the medical community for diagnosing of various eye diseases. Useful features of color 
retinal images are extracted and analyzed to help the ophthalmologists. Commotio retinae is a contrecoup 
injury to the retina. It may occur centrally or peripherally, and when it involves the macula, it is called 
Berlin’s edema. On severe trauma, Berlin’s edema progresses to a macular hole, which in turn leads to 
blindness. So, in case of acute traumatic maculopathy, detection of Berlin’s edema is necessary [1]. In 
fluorescein angiography, the opaque retina blocks background choroidal fluorescence, with minimal 
leakage. But, this procedure is an invasive one, 5 to 10 % of subjected patients complain adverse reactions 
such as nausea and vomiting. The patients experience blurred vision for up to twelve hours after 
fluorescein angiography [2]. To avoid such adverse effects our attempt has been made to analyze Berlin’s  
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edema from fundus images using color-based segmentation approach. In fundus image, the retina appears 
to be normal on examination although the patient may complain of decreased vision.  The affected area 
becomes white and opaque usually hours after the acute traumatic maculopathy [3]. The color-based 
segmentation using K-means clustering algorithm detects and extracts the affected area at the macular 
region from the obtained fundus image. K-means clustering is a technique which is based on pixel-based 
methods. K-means clustering is simple and the computational complexity is relatively low compared with 
other region-based or edge-based segmentation methods. The application is more practicable. 
Furthermore, K-means clustering is appropriate for biomedical image segmentation as the number of 
clusters is usually known for images of particular regions of the human anatomy [4]. Many researchers 
have proposed related research into K-means clustering segmentation [4, 5]. The improvements achieved 
by [4, 5] have been remarkable, but more computational complexity and extra software functionality are 
required. Our proposed method will assist the ophthalmologists in the confirmation of a diagnosis, or to 
enhance for a proper treatment guidelines.  
2. Methodology 
2.1. Pre-Processing Technique 
The input fundus images have been sharpened using Laplacian filter mask of 3*3 matrix, where the 
processed image has been shown in section 3. The retinal image sharpening is to highlight the fine details 
in an image that have been blurred in the original fundus image. In this mask we initialize the entire 
matrix with different values as mentioned in Fig. 1.  
0 1 0 
1 -4 1 
 0 1 0 
Fig.1. Laplacian filter mask 
We map the center pixel of matrix on the pixel of an image and multiply each matrix pixel with 
corresponding image pixel and add them. We set that value on the image pixel by mapping the center 
pixel of matrix. This process has been performed for each pixel of an image [6]. For pixels that are 
outside the bounds of the image we use zero padding. 
2.2. Pixel-based Segmentation 
K-means is an extensively used clustering algorithm to partition data into k clusters [4]. Clustering is 
the process for grouping data points with similar feature vectors into a single cluster and for grouping data 
points with dissimilar feature vectors into different clusters. Let the feature vectors derived from l
clustered data be X= (xi |i=1,2,…,l). The generalized algorithm initiates k cluster centroids C=(cj
|j=1,2,…,k) by randomly selecting k feature vectors from X. Later, the feature vectors are grouped into k 
clusters using a selected distance measure such as Euclidean distance as in (1) so that 
                                                                                                                                   (1)
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The next step is to recompute the cluster centroids based on their group members and then regroup the 
feature vectors according to the new cluster centroids. The clustering procedure stops only when all 
cluster centroids tend to converge [4, 5]. 
The block diagram of our developed algorithm is shown in Fig. 2. The algorithms are developed on 
MATLAB version 7.6.0(R2008a) in Microsoft Windows XP operating system, with the processor 
2.16GHz and 1.96GB of RAM. 
Fig. 2. System block diagram    
3. Results and Discussion 
Fifteen fundus images (768x576 resolutions) are used to evaluate the proposed algorithm. Initially 
Laplacian filter mask has been employed to sharpen the obtained image. This helps to highlight the 
features that have been blurred in the input image. From Fig. 3(b) it is clear that the result shows an 
improvement in the contrast and provides a better means for visualization. 
Color-based segmentation on the processed image has been shown in Fig. 4(a). In this proposed 
method, the RGB color image is coarsely represented using 25 bins. Coarse representation uses the spatial 
information from a histogram based windowing process. K-means is been used to cluster the coarse 
image data. In the segmented images k=6 has been taken. The color-based K-means clustering feature has 
been further processed in order to extract the commotio retinae at the macular region from the image. The 
result has been shown in Fig. 4(b). As seen in Fig. 4(a), the region showing Berlin’s edema has been 
detected significantly. The experimental result in Fig. 4(b) will help the doctors to identify Berlin’s edema 
from its location, as it appears to be normal from the fundus image and also assist for better treatment 
planning.  
 Fig.3. (a)Original image (b) sharpened image                          
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Fig.4. (a) Color-based K-means clustering segmentation; (b) extraction of Berlin’s edema at the macular region 
4. Conclusion 
In this paper color-based segmentation using K-means clustering for extracting Berlin’s edema at the 
macular region from fundus image is proposed. Pre-processing on the retinal image and color-based 
segmentation both shows encouraging result. The final stage of the proposed method that extracts the 
clustering feature provides good segmentation performance. The present work combines color-based K-
means clustering and feature extraction, thus making it efficient and easy to implement for the doctors to 
diagnose the Berlin’s edema especially during acute traumatic maculopathy in a better way by reducing 
the subjectivity and miss rate in fundus images and thereby will enhance the detection accuracy in less 
time.  
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